INTRODUCTION
Peyronie's disease is a benign localized connective tissue disorder of the tunica albuginea in which an abnormal penile curvature may develop and patients may experience ED due to curvature, performance anxiety, psychological stress and impaired penile vascular and electrical (neurogenic) function.
Penile prosthesis implantation is the traditional surgical technique used to treat patients with Peyronie's disease having ED. Penile revascularization in vasculogenic ED represents a physiological attempt to restore ED and it is the only causal therapy for erectile failure. We have reported the long-term results of revascularization surgery in a large series of patients 1 and combined this tehnique with penile corrective procedures in patients with Peyronie's disease. The corrective procedures used in our previous series included a venous patch in patients with a dorsal curvature, Essed Schroder plication in those with a lateral and ventral curvature and a combination of venous patch with two types of tunical plication in patients with a complex curvature published. 2 This is the first study in the literature combining all of these complex techniques in Peyronie's patients having ED.
PATIENTS AND METHODS
Between 2008 and 2011, penile revascularization surgery combined with penile corrective techniques was performed in nine patients with Peyronie's disease having ED. After completing a physical examination and evaluation of blood chemistry, all patients were routinely interviewed in the departments of internal medicine, neurology, psychiatry and anesthesiology. A preoperative urological evaluation was performed with penile color Doppler ultrasonography, electromyography of the corpus cavernosum (CC-EMG) and cavernosometry. Patients with a history of major trauma, psychiatric or neurological disorder, renal or liver failure, coronary heart disease or generalized progressive atherosclerosis were excluded from the study. Our exclusion criteria also included patients who responded to oral pharmacotherapy (who were under treatment for at least 2 months), those aged 460 years and in whom a discoordination pattern was diagnosed with CC-EMG recording.
The study protocol was approved by the local ethics committee, and all patients signed an informed consent agreement. diagnose arterial or veno-occlusive pathology. Before the test, papaverine HCl (60 mg) was injected into one of the cavernosal bodies. After 20 min, systolic arterial flow o25 cm s -1 and end-diastolic arterial flow 45 cm s -1 were interpreted as arterial insufficiency and veno-occlusive dysfunction, respectively.
CC-EMG
A preoperative evaluation was carried out and the cavernous electrical activity (CEA) of the penis was measured with a high-speed electromyography module (Medical Measurement Systems, Enschede; The Netherlands) connected to a computer. The sampling frequency was 200 Hz, and a bandpass filter with cutoff frequencies of 0.1-20 Hz was used. CEA recordings were obtained using coaxial needle electrodes during the flaccid state of the penis, and a ground electrode was placed on the patient's foot to prevent electrical noise. The CEA was recorded for 10 min and cavernous electrical potentials were determined. The amplitudes of the potentials were marked peak to peak. After 10 min, 60 mg papaverine HCl was injected into one of the cavernous bodies to exclude the possible presence of a discoordination pattern (the presence of an increase or no change in CEA after papaverine injection) in CC-EMG recordings, which is suggestive of neurogenic ED.
Patients with a discoordination pattern were not included in the study. The characteristics of the patients are shown in Table 1A .
Cavernosometry
After 10-minute electromyographic evaluations, cavernosometry was performed with the same device. Caverno-occlusive dysfunction was suspected on the basis of two criteria:
1. An erection maintenance flow rate of more than 5 ml min À 1 at an intracavernous pressure of 150 mm Hg. 2. A decrease in intracavernous pressure from 150 mm Hg by more than 45 mm Hg 30 s after stopping infusion.
Operation
The surgery was performed with the patients under general anesthesia. After 60 mg of intracavernous papaverine injection, a circumcision incision was made, and the penile skin and subcutaneous tissues were degloved to the base of the penis. Using surgical loops, the neurovascular bundle was dissected from the tunica albuginea and mobilized widely between the tip and the base of the penis. In patients with a dorsal curvature, the tunical defect size was measured and the saphenous vein graft was sutured with its endothelial site facing the cavernosal tissue using 4-0 monocryl sutures ( Figure 1 ). Suturing of the saphenous vein graft from side-to-side to the long side in order to cover the large defects was not needed in any of the patients. If the patients had a lateral or a ventral curvature, the maximal side of the curvature was identified, and, on the opposite side, contralateral Essed-Schroder corporeal plication sutures with 2-0 prolene were applied ( Figure 2 ). In patients with a complex curvature having completed corporeal plication, an artificial erection was performed to determine the residual curvature, and the venous patch was sutured to the opposite site of plication ( Figure 3 ). On completion of these procedures, if the patient still had a complex curvature with cavernous sacculation, an asyet unreported clinicopathological entity was defined by us ( Figure 4 ). Sacculation was also corrected using longitudinal imbrication sutures at the same side of the corporeal plication, which was defined as a new surgical technique ( Figure 4 ). Revascularization operations were performed in between using the Furlow-Fisher modification of the Virag-V procedure. 3, 4 Unlike the FurlowFisher procedure, the circumflex collaterals were preserved and the deep dorsal venous valves were not disrupted by a stipper. Four to six emissary veins were identified and preserved. The entire dissection was performed under optical magnification ( Â 2.5) to prevent arterial or nervous injuries. The inferior epigastric artery was brought to the penile root through a subcutaneous tunnel. An end-to-side anastomosis was performed between the epigastric artery and the proximal part of the deep dorsal vein ( Figure 5 ). Interrupted sutures of 7-0 polypropylene were used according to a standard microsurgical technique. Following the anastomosis, the deep dorsal vein was ligated proximal to the arteriovenous anastomosis. The patients received postoperative intravenous heparin (5000 IU per day) for 72 h, after which they were put on a daily dose of 75 mg dipyridamole and 500 mg aspirin for 3 months; coitus was allowed 2 months after the operation.
The degree of penile angulation was 4401 in all the patients and none had an hourglass deformity. The degree of penile angulation was 901 in three patients, two of whom had a left dorsal and a left lateral penile angulation of 901 and 601, respectively, and the other patient had a dorsal and right lateral penile angulation of 901 and 301, respectively. The degrees of penile angulation of the patients have been shown in Table 1B .
Analysis of outcome and statistics
All the patients were asked to answer a 15-item questionnaire-the 'International Index of Erectile Function' (IIEF-15-and a 5-item version of the (IIEF-5) preoperatively and during the postoperative follow-up. 5 The scores for all five domains (erectile function, orgasmic function, sexual desire, intercourse satisfaction and overall satisfaction) of the IIEF were recorded. The operation was deemed an improvement or a failure according to the change in the five-item version of the IIEF-5.
Statistical comparison of preoperative and postoperative IIEF scores at the end of follow-up was performed using the Wilcoxon nonparametric test. All statistical analyses were performed using SPSS for Windows software (version 13.5, Statistical Package for Social Science, SPSS Inc, Chicago, IL, USA). Pp0.05 was considered statistically significant.
RESULTS
The mean age of the patients was 51.4 ± 4.2 years, ranging between 47 and 57 years. The mean follow-up period was 18 (12-26) months. No operative complications such as infection, hematoma or persistent edema were observed, and the patients were permitted coitus 8 weeks postoperatively. None of the patients reported complications after surgery. Complete penile straightening was achieved in all the patients. However, two (22.2%) patients reported penile shortening but did not express any dissatisfaction about it. All the patients were satisfied with the final surgical results (Table 2A ). All patients reported an improvement in their quality of life after surgery, which is shown in Table 2A . The mean total IIEF score was reported to be 37±6.2 before the operation and 59 ± 6.06 at the end of the follow-up (Po0.05). The mean IIEF-5 score was 9.8 ± 3.1 before the operation and 22.03±2.4 at the end of the follow-up (Po0.05). The mean erectile function domain score was 12.6 ± 3.7 preoperatively and 24.09 ± 3.9 at the end of the follow-up (Po0.05). With regard to all the parameters in the IIEF-15, significant increases were observed in IIEF-5 scores and erectile function, orgasmic function, sexual desire, intercourse satisfaction and overall satisfaction domains after the operation (Table 2B ). According to the Erectile function domain (IIEF-15), three patients achieved a no-ED cutoff value of 426. 
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DISCUSSION
The coexistence of ED with Peyronie's disease is a problematic situation, especially in patients with a complex curvature who have to be operated upon using combined corrective procedures for Peyronie's disease. The traditional surgical technique was penile prosthesis implantation, followed by additional corrective procedures such as plication, grafting and others. Raz et al first described the use of a penile implant in conjuction with the incision of fibrotic plaques. 6 Inflatable penile prosthesis implantation was also reported with various models and success rates. 7, 8 This is the first study in the literature to investigate the results of penile revascularization surgery as a combination procedure along with the corrective procedures performed for Peyronie's disease. We achieved satisfactory preliminary results in our first nine patients and suggest that penile revascularization could restore the erectile mechanism by using physiologic mechanisms as reported before by us. In this study the success rate was highest in patients with no risk factors, followed by smokers and those with diabetes. The high success rates could be due to the strict patient selection criteria in our series. This study comprised the second large series of patients with the longest follow up in the literature. We suggest that this type of surgery could be an alternative to penile prosthesis implantation in patients in whom ED coexists with Peyronie's disease. We used CC-EMG recordings in addition to color flow Doppler ultrasonography and cavenosometry; hence, unlike other Combination of penile revascularization surgery with penile CT O Kayigil and E Okulu studies, highly selective etiologic differentiation was made using the CC-EMG and relaxation degee parameter. The corpus cavernosum is composed of smooth muscle cells, interstitial matrix, blood vessels, vascular lamina and numerous autonomic nerves. Relaxation of the trabecular smooth muscles allows the expansion of the lacunar spaces and compression of subtunical venules with entrapment of blood in the corpora during erection. Therefore, the tone of the cavernous smooth muscle has a critical role in the modulation of erectile capacity. Color duplex sonography, cavernosometry and pharmacoangiography cannot define the actual state of the cavernous smooth muscle tone, and this may be the reason for their low sensitivity and reproductivity in diagnosing ED. [9] [10] [11] [12] [13] On the other hand, CC-EMG gives information about the cavernous smooth muscle tone, the relaxation ability of the cavernous muscle and about the existence of autonomic dysfunction. [14] [15] [16] We used our surgical technique especially in patients with a complex penile curvature and having cavernous sacculation as defined before. 2 For dorsal curvature we performed a standard dorsal venous patch procedure, and for the other curvatures plication and imbrication techniques were performed. For complex curvatures, the correction was started using one standard Essed-Schroder plication suture on the maximal convexity of the tunica, followed by tunical incision and a saphenous venous patch technique to correct the residual curvature. This approach differs from other techniques as all of Combination of penile revascularization surgery with penile CT O Kayigil and E Okulu the patients had Peyronie's plaque at the opposite side of the curvature and one standard tunical plication suture was used at the beginning of the correction to avoid extensive tunical incision and a venous patch was used on the other side to correct the residual curvature. We performed this technique in a specific group of patients who had the curvature in more than one direction and that was greater than 501. Thus, the first plication procedure was used not only to correct the curvature but also to direct it one way. Thereafter, the residual curvature was corrected using the venous patch procedure, which was performed using minimal venous harvesting and cavernosal incision. One study reported the use of as much as six relaxing incisions and the venous patch procedure. 3 Recently in another study a surgical technique based on geometrical principles was defined, but the use of more than one grafting was also reported in patients with a complex curvature. 17 In the light of our results, it can be suggested that if the standard Essed-Schroder plication suture is performed first, one can refrain from extensive incision and use of the venous patch procedure.
We observed cavernous sacculation in patients with a complex curvature and defined this concept as albugineal elongation, except for the presence of the normally morphological cavernosal stricture, which caused some degree of torsion besides the angulation. We were not satisfied with the final cosmetic results until we had performed longitudinal imbrication sutures in a group of these five patients apart from the venous patch and Essed-Schroder plication sutures. This morphological abnormality could be seen at the time of surgery and could be corrected using an intracavernous injection of a vasoactive agent.
The corrective procedures along with the standard revascularization procedure were performed using the modified Furlow Fisher Technique. We achieved statistically significant improvements on the IIEF scores and with these satisfactory preliminary results we suggest that this combination could be an alternative to penile prosthesis implantation in highly selected patients with Peyronie's disease with ED; however, further studies are needed to validate this conclusion. Combination of penile revascularization surgery with penile CT O Kayigil and E Okulu
